ABSTRACT Some form of audiometric screening forms part of any comprehensive hearing conservation programme, but because of the large numbers of workers exposed to noise, it is suggested that routine audiometry using an 8-frequency test preceded by history and examination makes undue demands on limited resources. It is proposed that a simple 3-frequency test without prior preparation of subjects is adequate for the purposes of industrial audiometry. Men A large number of workers are exposed to noise levels at work sufficient to cause some degree of noise induced hearing loss. It is estimated that 05m workers are exposed to noise levels of 90 dB(A) or more in the UK,' and the estimate by the Commission of European Communities, based on an exposure level of 85 dB(A), is between 10 and 15m within its member states.2 After considerable debate in the early 1970s,34 it is now generally accepted that some form of audiometry is integral to any comprehensive hearing conservation programme. Where there are references to audiometry in industry, the recommendations are all based on 8-frequency pure tone testing of each ear preceded by a noise free interval, an occupational and medical history, and an otoscopic examination.5
A large number of workers are exposed to noise levels at work sufficient to cause some degree of noise induced hearing loss. It is estimated that 05m workers are exposed to noise levels of 90 dB(A) or more in the UK,' and the estimate by the Commission of European Communities, based on an exposure level of 85 dB(A), is between 10 and 15m within its member states.2 After considerable debate in the early 1970s,34 it is now generally accepted that some form of audiometry is integral to any comprehensive hearing conservation programme. Where there are references to audiometry in industry, the recommendations are all based on 8-frequency pure tone testing of each ear preceded by a noise free interval, an occupational and medical history, and an otoscopic examination.5
The benefits of audiometry in the prevention of noise induced hearing loss are not as clear cut as the reduction of noise at source or the use of personal protection. Nevertheless, at least two discernible advantages can be recognised. Firstly, noise induced
Received 28 March 1983 . Accepted 11 July 1983 hearing loss can be diagnosed from the audiometric trace, often before the individual has sustained any perceptible deficit. At this stage the individual can be counselled regarding the prevention of further auditory damage. Secondly, the results of periodic audiometry can be used to monitor the effectiveness of a hearing conservation programme, both for the individual and the group.
The increased demand for the inclusion of audiometry (in accordance with the recommended test procedure5) with other hearing protection measures' has resulted in a rigid, complex methodology. We do not believe that this level of sophistication is necessary for audiometric screening in industry to achieve its two objectives. Because of the resources required to perform audiometry in its suggested form, the availability of the test may of necessity be limited to certain groups within the total population at risk.
In In common with many investigations the use of the' audiogram in the diagnosis of hearing loss involves a process of pattern recognition. The nature of this process is such that the larger the number of "points" making up the shape of the pattern, the greater will be the resolution of its shape and hence the accuracy in diagnosis. Equally, in the formation of a pattern a minimum number of "points" will be necessary, below which the shape of the pattern will be inadequate to formulate a diagnosis. We suggest that the minimum number of points for industrial audiometry is three, and this is supported by the diagnostic accuracy of the 3-frequency test. We consider that this level of diagnostic accuracy is adequate for the purposes of an audiometric screening procedure in industry. Selection of 1, 2, and 4 kHz as the three frequencies for testing is based on the requirement of industrial audiometry to detect hearing loss and divide it into three broad entities: noise-induced hearing loss, conductive loss, and, of lesser importance, the higher frequency loss due to presbyacusis. These frequencies provide the best pattern from which to differentiate conductive deafness and noise induced hearing loss as shown by the data contained in table 3. In addition, this choice of frequencies also provides limited information about the effect on speech frequencies.
The 4 kHz "notch" while not pathognomonic of noise induced damage is generally accepted as indicative of early loss although there may be individual deviations with dips at 3 or 6 kHz.8 In our series the mean hearing loss in those individuals considered to have noise induced loss was almost identical for 4 and 6 kHz (table 4). We would contend that 6 kHz is more likely to be affected by presbyacusis, and thus the use of the 4 kHz frequency gives a more accurate assessment of noise induced loss.
Measurement of the loss at 3 kHz has been omitted from the test since the primary aim is to establish a pattern from which to obtain diagnostic information rather than the secondary purpose of obtaining information about speech frequencies. From table 4, however, it can be seen that the mean loss at 3 kHz Sinclair and Smith does in fact lie between that at 2 kHz and 4 kHz.
BS 5330 defines the threshold of social handicap as an average loss of 30 dB over 1, 2, and 3 kHz.9 Although a direct comparison with the 3-frequency test cannot be made, it is of interest to note the basis on which 20 dB loss at 1, 2, and 4 kHz was selected as the level below which the individual is referred for further assessment. At this level the probable percentage of individuals whose true hearing threshold is greater than 30 dB is 3-59%, 2-22%, and 5-48% at 1, 2, and 4 kHz respectively (table 1) .
An audiometric screening programme is no different from any other large scale screening programme in industry which should be offered to the whole population at risk. It should aim to separate the normal from the abnormal and the latter should then proceed to further assessment. The objective must include the detection of hearing loss before disability develops in order to counsel affected individuals. We have shown that in terms of numerical accuracy the 3-frequency test compares favourably with the 8-frequency audiogram. Indeed, reassessment of hearing loss for the purposes of prescription under the Industrial Injuries Scheme'" has highlighted several major anomalies and casts doubt on the accuracy of 8-frequency audiometry under supposedly ideal conditions.'2 Absolute accuracy is therefore difficult to achieve and is in fact not necessary to attain the objectives of an industrial screening programme. We suggest that the level of accuracy of the 3-frequency test is adequate for this purpose.
In this paper we have considered the audiogram as an isolated test. In practice, however, in order to formulate a diagnosis an investigation is considered in the context of a history and examination. This is applied to the 3-frequency test after the initial screen, when the individuals who fail on the referral criteria attend for assessment and counselling. The advantage of this is that time is saved where individuals with normal hearing would otherwise by subject to history taking and examination. When used in conjunction with a history and examination the 3-frequency test will undoubtedly achieve a higher quality than we have obtained in isolation, and it will provide adequate information to the industrial audiologist.
In conclusion, while we would not pretend that the 3-frequency audiogram is as numerically or diagnostically accurate as more complex and time consuming methods, it does provide an adequate realistic alternative. It demonstrates the "reasonably practicable" approach that is a keynote of recent health and safety legislations and does not unnecesarily divert medical resources from other key tasks in the practice of occupational medicine.
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